Hypertension, including maternal chronic hypertension, preeclampsia, superimposed preeclampsia, and pregnancyinduced hypertension, is a common complication during pregnancy that affects between 5% and 10% of pregnancies. 1 "Programming hypothesis" was presented in the 1990s. 2 Indeed, it has become widely established that exposure to a poor intrauterine environment increases the risk of cardiovascular, metabolic, and renal disease in adulthood. Such as, maternal suffered with cardiometabolic risk factors during pregnancy, including hypertensive disorders, diabetes, and obesity have been associated with higher systolic blood pressure (SBP) of their offspring. 3, 4 Without alterations of the DNA sequence itself, epigenetics stemmed from chromatin-based modifications affect only the expression of the targeted genes. 5 Methylation of DNA is one of the main modifications of epigenetic, which can inhibit gene transcription and lead to a reduction in protein formation, then affecting the cell signaling pathways. 6 Not only essential hypertension but also programmed hypertension may involve epigenetic mechanisms. 7, 8 It has been demonstrated that renin-angiotensin-aldosterone system involved in mediating fetal programming hypertension. 9 A maternal low protein diet during pregnancy led to downregulated DNA methylation of the angiotensin II (Ang II) receptor 1b (AT1b) in the adrenal gland. 10 Perinatal nicotine exposure significantly increased methylation of the angiotensin II type 2 receptor (AT2) gene in the brain resulting in downregulation of AT2 in neonatal male pups. 11 
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Maternal Renovascular Hypertensive Rats Treatment With Hydrogen Sulfide Increased the Methylation of AT1b Gene in Offspring methylation was decrease in AT1b gene in the fetal heart of maternal with high-salt diet during pregnancy. 12 Hydrogen sulfide (H 2 S) is the third gaseous transmitter after nitric oxide and carbon monoxide. The level of H 2 S in hypertension patient decreased obviously. 13 Although H 2 S was known as vasodilation factor, 14 then a growing number of studies have found that H 2 S has many biological effects, such as modulates the release of neurotransmitter, 15 reduces the sympathetic tone [16] [17] [18] and relaxes artery 19 and so on. Recent studies have also found that H 2 S could relax human placental blood vessels, improve the blood supply of placental, reduce the occurrence of preeclampsia, and ameliorate the intrauterine fetal growth restriction. 20 Therefore, H 2 S may be as a new epigenetic drug used in clinics to prevent fetal hypertension.
The present study was designed to observe the epigenetic mechanism of fetal-programmed hypertension induced by secondary hypertension. Furthermore, we tested whether prenatal or postnatal treatment with H 2 S improved this hypertension and the related epigenetic mechanism in kidney.
METHODS AND MATERIALS

Animals and ethics statements
All animals were kept at standard conditions with 12 hour light/dark cycle and freely access to food and water. All protocols and procedures used in this study were reviewed and approved by the Institutional Animal Ethics Committee of Hebei Medical University and in accordance with the Guide for the Care and Use of Laboratory Animals (1985, NIH).
Prepared parental model of renovascular hypertension
Seven-week old male and female Sprague-Dawley (SD) rats, weighing 160-180 g, grade II, were used to make renovascular hypertension by 2-kidney-1-clip. Anesthetized was used by chloral hydrate (0.3 g/kg ip). SBP was measured each week after surgery for 5 weeks by tail-cuff plethysmography (Chengdu Instrument Factory, Sichuan, China) in conscious rats.
Mating and groups
While SBP in RVH rats was up to 150 mm Hg in 5 weeks after surgery, then we selected 20 pairs of male and female RVH rats to mate. There were 4 groups in the experiment. Control group was the offspring of SD rats. F 1N F 2N meant the offspring of RVH rats. F 1H F 2N meant maternal RVH rats treated with NaHS (H 2 S donor, 56 µmol/kg per day) during pregnancy and lactation periods and the offspring without NaHS. F 1N F 2H group meant maternal RVH rats treated without NaHS and the offspring were treated with NaHS after weaning. The offspring in the above groups were measured blood pressure from 8 to 16 weeks. After finished blood pressure measurement, the kidney was collected for further research. We showed the protocol of the experiment in a timer shaft (Figure 1 ).
Blood pressure measurement in conscious offspring
SBP and diastolic blood pressure (DBP) were measured noninvasively by tail-cuff plethysmography in conscious offspring from 8 to 16 weeks, once every 2 weeks. BP measurement was always carried out between 9:00 and 12:00 and the data were obtained with the average of 3 to 4 times measurement.
HE staining in offspring
Sixteen weeks old offspring from each group were anesthetized with carbon dioxide. The left kidney was removed and fixed in 4% neutral buffered formalin. Then the kidney was dehydrated by gradient alcohol and finally embedded in paraffin. The paraffin embedded tissues were cut by slicer at 4 µm in each section. The sections were stained with hematoxylin and eosin (HE) and analyzed the degree of tubulointerstitial inflammation.
Western blot detection of protein in kidney
The kidneys were rapidly removed and put in liquid nitrogen and then stored at −80 °C for further analysis. The tissue were homogenized in ice-cold 100 µl RIPA lysing buffer (1 µg/ml leupeptin, 5 µg/ml aprotinin, 100 µg/ml PMSF, 1 mmol/l sodium orthovanadate, 1 mmol/l EDTA, 1 mmol/l EGTA, 1 mmol/l sodium fluoride, and 2 µg/ml β-glycerolphosphate) containing protease inhibitor (St. Louis, MO) and then centrifuged at 15,000 g for 20 minutes at 4 °C. Supernatant was collected for protein assay. Bradford assay (Generay Biotechnology, Shanghai, China) was performed to determine the concentration of protein in tissue. 25 µg protein samples were loaded in each lane. The protein was separated by electrophoresis then transferred onto polyvinylidene fluoride membranes. The polyvinylidene fluoride membrane was blocked with 0.1% Tween-20 tris-buffered saline containing 5% nonfat milk for 1 hour at room temperature. The polyvinylidene fluoride membranes were then incubated overnight at 4 °C with anti-AT1R (1:800, ab18801, Abcam), followed by appropriate secondary horseradish peroxidase-conjugated antibody (1:2000, SA00001-2, Proteintech Biotechnology). Western blotting reagents (Millipore Corporation, Billerica, MA) were used to detect the signal and exposed to an X-ray film for densitometric analysis.
Genomic DNA and bisulphite modification
Genomic DNA was isolated from whole kidney using DNA DNeasy Blood & Tissue Kit (QIAgen). DNA was treated with sodium bisulphite according to modifications of EZ DNA Methylation-Gold Kits, followed by nested PCR amplification. The reaction mixture contained 25 µl GoTaq Green Master Mix, 1 µl upstream primer (10 µM), 1 µl downstream primer (10 µM), 21 µl ultrapure water, and 2 µl DNA template. Primers for amplification were designed according to previous study. 10, 21 Primer sequences and PCR condition were shown in Supplementary Tables 1 and 2 .
Sequencing and pBLUE-T-cloning
PCR products were electrophoresed through 1.5% agarose at 90 V for 30 minutes. According to the DNA marker, we determined whether location of the stripe was the purpose fragments. After that, PCR products were sent to be sequenced in order to identify whether a methylation changes in the sample. Then gel-sliced PCR products were passed through SNAP columns and used immediately for pBLUE-T-cloning according to the manufacturer's instruction. Bisulphite-converted DNA was subcloned and 10 individual clones from each animal were sequenced.
Statistics
All data were expressed as means ± SD. Repeated measures analysis of variance was test to compare differences between groups at several times. One-way analysis of variance was applied to compare differences between groups and StudentNewman-Keuls test and Dunnett's t-test were used for further analysis at one time. The lever of significance was set at P <0.05.
RESULTS
The BP in conscious offspring
The SBP and DBP in conscious male offspring. We measured SBP and DBP every 2 weeks from 8 to 16 weeks. Firstly for SBP, the interaction between times and groups had significant effect on subjects (P < 0.05). Times had no significant effect (P > 0.05) on subjects while groups had (P < 0.05). The SBP in F 1N F 2N group significantly increased compared with that in control group during the whole experiment. and interaction with groups (P > 0.05) had no significant effect on subjects, while groups had (P < 0.05). Similarly, the DBP also significantly elevated from 8 weeks to 16 weeks in F 1N F 2N group compared with control group. H 2 S could exert improved effect (Figure 2b) .
The SBP and DBP in conscious female offspring. The interaction between times and groups had no significant effect on offspring (P > 0.05), while times and groups respectively had significant effect on offspring (P < 0.05). The SBP significantly elevated from 8 weeks to 16 (Figure 2c ). The DBP in F 1N F 2N group was also higher than those in control group. However, H 2 S did not exert useful effect except at 10 weeks (Figure 2d ).
Morphological changes in kidney
HE staining exhibited histopathology changes in offspring of F 1N F 2N group. Interstitial inflammatory cell infiltration, mainly focal lymphocytes, was very significant in the male offspring of F 1N F 2N group compared with control group. However, in the female offspring of F 1N F 2N group, there are few lymphocytes infiltration. Prenatal or postnatal treatment with H 2 S can inhibit interstitial inflammatory infiltration (Figure 3 ).
Protein expression of AT1R in kidney
Western blot analysis showed that the protein expression of AT1R was higher in male and female offspring of F 1N F 2N group at 16 weeks. The overexpression of AT1R was reversed by treatment with H 2 S (Figure 4 ). 
Methylation of AT1b promoter (NW_047624.1 10592171-10592486) in kidney
Bisulfate sequencing of CG islands in AT1b gene promoter (positions, NW_047624.1 10592171-10592486) contained 15 CG sites. Nevertheless, there was no change among them in methylation patterns ( Figure 5 ).
Methylation of AT1b promoter (Genbank U01033 277-1611) in kidney
AT1b gene promoter was contained in 1.2 kb fragment (positions 277-1611 from Genbank U01033). Compared with control, the methylation of AT1b gene decreased in F 1N F 2N group of the 3 proximal CG sites in the positions. However, the methylation of AT1b gene increased by treatment with H 2 S (Figure 6 ).
Analysis of the methylation of AT1b by clones
We prepared kidney for methylation analysis of 16 weeks offspring. Bisulphite-converted DNA was subcloned and 10 individual clones from each animal were sequenced to focus on the above 3 CpG sites in the proximal AT1b promoter. This showed significantly less methylation at the 3 potentially methylatable sites in the proximal AT1b promoter in F 1N F 2N group (15.33% ± 6.91 vs. 3.89% ± 3.89, P < 0.05). Exogenous administration with H 2 S could reverse the methylation in AT1b promoter (Figure 7 ).
DISCUSSION
In this study, we observed blood pressure elevated and interstitial inflammatory infiltration in kidney of fetal-programmed animals. Then we showed that prenatal or postnatal treatment with H 2 S led to blood pressure reduction and interstitial inflammatory infiltration improved in the offspring. This may be resulted from a decrease in AT1 receptor because of enhanced menthylation of AT1b gene.
Many studies have demonstrated that the offspring of hypertensive mothers or of mothers with malnutrition, diabetes, low protein, high protein, and high-fat diet showed elevated blood pressure in adult pups. 4, 22, 23 Furthermore, maternal N G -nitro-L-arginine-methyl ester exposure during pregnancy-induced programmed hypertension in adult male offspring. 24 Denton found basal blood pressure in adult female offspring of secondary hypertensive rabbits induced by 2K-1C was elevated but even in normal range. 25 Conversely, our present study found an elevated blood pressure in both adult male and female offspring of rats with secondary 2K-1C hypertension. Some studies have proved blood pressure of offspring was relevant to both parental origin. 26, 27 Compared with Denton's study, we found basal blood pressure increased in the offspring of parents with renovascular hypertension. It implied that paternal synergy with maternal programming in modifications of the offspring's phenotype.
Kidney plays an important role in the long-term and humoral regulation of blood pressure. The development of kidney is particularly susceptible to the environmental insults of programming. Although several organs are involved in BP control, renal programming is considered as an initiating mechanism of programmed hypertension. 28 Therefore, in our experiment, we selected kidney to reveal the mechanism of elevation BP in fetal-programmed animals. Moreover, we have found tubulointerstitial inflammatory cell infiltration in programmed pups. Recent studies have shown interaction and synergism between the renin-angiotensin system and inflammatory cytokines in both the periphery and the central nervous system which play a prominent role in the development of hypertension. 29, 30 Ang II, a main member of renin-angiotensin-aldosterone system, acting via AT1 receptor plays an important role in the pathogenesis of hypertension. AT1R could be subdivided into AT1a and AT1b. 31 Ang II also combines with AT1b could stimulate aldosterone secretion. Ang II synergizes with aldosterone to promote the development of hypertension. A report suggested that a relationship between high-salt diet in pregnancy and developmental changes of the cardiac cells and renin-angiotensin system. They had found AT1b gene methylation reduced and the protein level increased. 12 To the contrary, in utero exposure to the antiandrogen decreased adrenal the production of aldosterone in the adult offspring, but produced no effect on methylation of AT1b gene. 21 However, in our present experiment, we proved the methylation of AT1b gene decreased in fetal-programmed animals by the first generation sequencing and clone sequencing, respectively. Gene methylation can change configurations of gene, thus affecting transcription and gene expression. DNA methylation, an epigenetic silencing mechanism, plays essential roles in several developmental and cellular processes. 32, 33 Therefore, decrease in methylation led to an increase in the expression of AT1R, which finally resulted in morphological changes in kidney and elevating BP. However, it should also be noted that DNA methylation does not occur exclusively at CG island. In fact, DNA methylation usually has been found at outlying areas or close to CG island (up to 2 kb distance), and strongly related to gene expression inactivation. 34 Similarly, we observed bisulfate sequencing of CG sites in AT1b gene promoter (positions, NW_047624.1 10592171-10592486), not in CG island, which were not involved in regulating gene expression. Nevertheless, the 3 proximal CG sites in AT1b gene promoter (positions 277-1611 from Genbank U01033) participated in gene expression.
Endogenous H 2 S can dilate blood vessels, reduce blood pressure, and delay the progress of hypertension through various mechanisms. 16, 18, 19 While a large number reports have shown H 2 S can downregulate the expression of AT1R, alleviate the damage induced by Ang II and then improve blood pressure. 19, 35, 36 However, the mechanism about how H 2 S modulates the level of AT1R has not yet been reported. In our present study, we have found H 2 S increased methylation of AT1b gene then downregulated AT1R protein expression. Therefore, epigenetic modification of H 2 S contributed to the reduction in blood pressure of offspring from RVH rats. Especially, maternal treatment with H 2 S of RVH rats during perinatal periods led to a persistent blood pressure reduction in 4-month old offspring. These studies will facilitate an understanding of the mechanisms by which fetal programming leads to long-term alterations in gene expression and the development of adult disease.
In conclusion, the present results demonstrated that the improved effects of H 2 S on the fetal-programmed hypertension in offspring is benefited from a decrease in AT1R expression, which attributed to epigenetic modification during perinatal period or after weaning. Leading Talent Cultivation Plan of Hebei (LJRC017); the Office of Education Foundation of Hebei Province of China (QN2017108).
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